Angiogenesis and vascular remodeling are crucial processes in tumor invasion and metastasis as well as in embryo implantation and normal development of the placenta. We have previously shown that hCG expressed in trophoblast and various malignant tumors promotes cellular motility and that uterine endothelium expresses hCG/LH receptor in vivo. In this study hCG was proposed to promote angiogenesis. A three-dimensional in vitro angiogenesis system consisting of uterine microvascular endothelial cells seeded on microcarriers and entrapped in a fibrin matrix was used to study the influence of hCG on neovascularization. Physiological concentrations of hCG (5-50,000 mU/ml) significantly increased in vitro capillary formation (up to 2.5-fold) and migration of endothelial cells in a Boyden chamber assay (up to 3.6-fold) in a dose-dependent manner, whereas hCG had no effect on cell proliferation. In vivo, hCG induced neovascularization in the chicken chorioallantoic membrane assay comparable to the activity of vascular endothelial growth factor. hCG-secreting tumors (choriocarcinoma, endometrium, and ovarian carcinoma) promoted in vitro neovascularization (up to 3-fold), whereas hCG-neutralizing antibody, pertussis toxin (G protein inhibitor), or GRGDTP peptide ( A N ADEQUATE NUTRIENT and substrate supply is essential for normal intrauterine development of the fetus. Disturbances in uterine blood supply are associated with higher perinatal morbidity and mortality caused by preterm delivery, preeclampsia, or intrauterine growth restriction. Adaptation of the uterine vasculature to the rising needs of the fetus occurs through both vasodilation and development of new vessels. Angiogenesis is the process of neovascularization from preexisting blood vessels in response to hypoxia or substrate demands of tissues and plays an important role in pregnancy-associated changes in the reproductive tract. The endometrium, decidua, and placenta are rich sources of angiogenic growth factors (1-4).
A N ADEQUATE NUTRIENT and substrate supply is essential for normal intrauterine development of the fetus. Disturbances in uterine blood supply are associated with higher perinatal morbidity and mortality caused by preterm delivery, preeclampsia, or intrauterine growth restriction. Adaptation of the uterine vasculature to the rising needs of the fetus occurs through both vasodilation and development of new vessels. Angiogenesis is the process of neovascularization from preexisting blood vessels in response to hypoxia or substrate demands of tissues and plays an important role in pregnancy-associated changes in the reproductive tract. The endometrium, decidua, and placenta are rich sources of angiogenic growth factors (1) (2) (3) (4) .
In general, the angiogenic process is initiated by growth factors such as basic fibroblast growth factor (bFGF), vascular endothelial growth factor (VEGF), or placental growth factor. Through a complex signal transduction machinery mediated by respective receptor-tyrosine kinases, an increase in the permeability of the maternal vessels is achieved to permit growth and invasion of endothelial cells. Their chemotactic migration, formation of a vessel lumen, and functional maturation of new capillaries complete the angiogenic process that involves the expression of specific adhesion receptors and extracellular matrix-degrading proteases (collagenases and plasminogen activators) (2, 3, 5) . As the angiogenic phenotype of proliferating and migrating endothelial cells is characterized (among others) by the expression of these components together with tissue factor or endoglin, these molecules could be useful as diagnostic markers. Moreover, functional blockage of, for instance, ␣ vintegrins or matrix metalloproteinases by high affinity antagonists resulted in effective inhibition of neovascularization as a potential therapeutic regimen (6, 7) .
Our recent studies indicated that hCG secreted by trophoblast as well as by several malignant tumors (e.g. testicular, breast and ovarian cancer, adenocarcinoma of endometrium, and some pancreatic and gastric tumors), in addition to its function in the regulation of steroidogenesis during early gestation, promotes trophoblast cell motility (8) . We also demonstrated previously that hCG/LH receptors are abundantly expressed in uterine endothelial cells (9, 10), implicating a possible functional responsiveness of these cells to hCG. These observations prompted us to investigate the possible role of hCG as angiogenic factor. Our results indicate for the first time that this hormonal factor of trophoblastic origin as well as derived from tumor cells promotes angiogenesis by stimulating the migration and capillary sprout formation of uterine endothelial cells.
Materials and Methods

In vitro angiogenesis assay
Human uterine microvascular endothelial cells (UMVEC; BioWhittaker, Inc., Verviers, Belgium) were isolated using mechanical and enzymatic methods and grown on the selection medium as indicated by the provider (11) (12) (13) . They displayed cobblestone morphology and were characterized using anti-CD31, anti-von Willebrand factor, Ulex euroAbbreviations: bFGF, Basic fibroblast growth factor; CAM, chicken chorioallantoic membrane; db cAMP, dibuturyl cAMP; HUVEC, human umbilical vein endothelial cells; MC, microcarrier; PKA, protein kinase A; PKC, protein kinase C; GRGDTP, synthetic peptide Gly-Arg-GlyAsp-Thr-Pro; UMVEC, uterine microvascular endothelial cells; VEGF, vascular endothelial growth factor; VI, vascularity index.
paeus antigen-1, and integrin ␣ 6 antibodies (DAKO Corp., Hamburg, Germany). In cultures of UMVEC the expression of hCG/LH receptor was documented both by immunostaining using polyclonal antibody as well as by demonstrating hCG/LH receptor mRNA transcripts using RT-PCR. Microcarriers (MC; Sigma, Deisenhofen, Germany) were washed three times with DMEM (Life Technologies, Inc., Karlsruhe, Germany) and coated with UMVEC to a final concentration of about 30 cells/MC. The coated MCs were cultivated in endothelial cell growth medium (BioWhittaker, Inc.) at 37 C in 5% CO 2 for 1-2 d before they were imbedded into a fibrin gel according to a recent protocol (14) . Fibrinogen (Sigma) was dissolved in PBS (pH 7.1; 1.5-2.5 mg/ml) and filled into a 12-well plate (0.6 ml/well). Cell-coated MCs (ϳ100 MC/well) and thrombin (0.65 U/ml; Sigma) were added to initiate fibrin polymerization. Gels were equilibrated for 1 h at 37 C in 5% CO 2 and covered with 1 ml/well MCDB 131 medium (C.C. Pro, Neustadt/W, Germany). In comparison with other matrexes composed of collagen type I and type IV or Matrigel, capillary formation in fibrin gel was found to be the optimal support for the sprouting angiogenesis assay. Each of the following test substances (final concentrations) was added to the medium: recombinant hCG (5-50,000 mU/ml, 10,000 mU/g; Sigma), recombinant human bFGF (5-100 ng/ml; Promo Cell, Heidelberg, Germany), VEGF (10 -100 ng/ml; R&D Systems, Inc., Wiesbaden, Germany), dibuturyl cAMP (db cAMP; 0.1-1 mol/liter), forskolin (1-10 mol/liter), phorbol ester (1-10 nmol/liter), pertussis toxin (G protein inhibitor, 0.1-100 ng/ml; all purchased from Sigma), protein kinase A (PKA) and protein kinase C (PKC) inhibitory peptides (0 -200 nm; Calbiochem, San Diego, CA), and GRGDTP peptide (0 -10 g/ml; Sigma). The peptide GRGDTP (Gly-Arg-Gly-Asp-Thr-Pro) is a broad specificity antiadhesive peptide that inhibits attachment to type I collagen, fibronectin, and vitronectin (15) . Neutralizing polyclonal goat anti-hCG antibodies (diluted 1:25 to 1:500; Santa Cruz Biotechnology, Inc., Santa Cruz, CA) and heat-inactivated recombinant hCG were used as controls in this assay. Test substances were shown to diffuse easily into the gel, reaching uniform concentrations as established in preliminary tests.
After 1-4 d of incubation, overnight fixation in 3% paraformaldehyde, and staining with 0.5% crystal violet (Merck & Co., Inc., Darmstadt, Germany) for 30 min, the number of sprouts migrating into the fibrin gel was quantified in eight separate microscopic fields. All assays were repeated at least three times, and four wells were used for every treatment condition. Sprout formation was quantified in eight microscopic fields per well. The numbers of microcarriers and sprouts were counted, and results were expressed as the number of sprouts per MC. To be counted as a sprout the minimal length of the tubular structures had to be at least as long as the MC diameter. Only capillary-like structures composed of at least three connected endothelial cells were included in the quantification.
Tumor-induced angiogenesis
Endothelial cell-coated MCs imbedded into fibrin (as described above) were cocultured with either choriocarcinoma (JEG-3, HTB-36, American Type Culture Collection, Manassas, VA), ovarian (Ovcar-3, HTB-161, American Type Culture Collection), or endometrium carcinoma cells (from tumor explants) on top of the fibrin gel. Tumor cells were cultivated in RPMI 1640 or MEM supplemented with 10% fetal calf serum and 2 mm-glutamine (Life Technologies, Inc.) at 37 C in 5% CO 2 before they were used in the coculture system. All cells from these three tumors were shown to secret significant amounts of hCG in preliminary experiments (concentrations ranging from 5-250 mU/ml in conditioned medium). After equilibration of the coculture system in serum-free medium for 12 h, either buffer alone or different concentrations of polyclonal hCG-neutralizing antibodies (dilution, 1:25-1:500) or irrelevant anti-CD45 antiserum (dilution, 1:25-1:500; DAKO Corp.) were added to the culture. In addition, serum-free tumor-conditioned medium (48 h) were tested to induce capillary sprouting. The angiogenic response was quantified as described above.
Chicken chorioallantoic membrane (CAM) assay
The CAM assay (16) was used to determine the effect of hCG on angiogenesis in vivo according to a previously published protocol (17) . Fertilized chicken eggs were incubated at 37.8 C in a humidified incubator (60% relative humidity) and were prepared for implantation on d 4 of incubation. Eggs were fumigated and washed with warm ethanol, and a hole was drilled through the pointed pole of each egg shell. On the following day part of the CAM was exposed by peeling a round window (2 cm in diameter) and covered with a tape. On d 8 of incubation up to three silicone rings with a thickness of 0.5 mm and an inner diameter of 6 mm were placed on each membrane. On d 9 20 l of each of the following samples was administered into the rings: hCG solution (50, 200, and 500 IU), VEGF (100 ng/ml), and polyclonal goat anti-hCG antibody (dilution, 1:2-1:10; DAKO Corp.), alone and together with hCG as well as buffer alone. The shell windows were covered again, and the eggs were incubated for another 3 d. Vascular growth in the ring fields and viability of the embryo were documented daily by video microscopy at different magnifications (ϫ10 and ϫ25). Five CAMs were studied for each test group, and the experiments were repeated at least three times. The form and number of branching blood vessels growing within the ring fields were documented. Quantification was performed using MetaMorph Imaging and Analysis System (Universal Imaging Corp., Downingtown, PA). Equal sized quarters (four per ring) were subject to color recognition and integral analysis. The proportion of the area occupied by blood vessels (red) was assessed, and the vascularity index (VI; defined as B Ϫ A/A, where A is vascular density before stimulation, and B is vascular density after incubation with test substances) was compared between treatment groups.
Migration assay
Uncoated porous filters (8 m in diameter) in a 24-well Boyden chamber (BD Biosciences, Heidelberg, Germany) were used to test the migration of UMVEC. A total of 5 x 10 4 cells in MCDB 131 medium were added to the upper chamber of each insert and equilibrated in the absence of serum for 12 h. Different hCG concentrations (50 -50,000 mU/ml) were added to the lower compartment, and the system was incubated for 24 -36 h at 37 C in 5% CO 2 , followed by fixation. Nonmigrating cells on the upper side were removed with a cotton swab. The filters were stained with hematoxylin and eosin and examined microscopically for the presence of migrated cells on the lower side of the membrane. The number of cells in eight microscopic fields was counted, and the mean of three wells was determined (18) .
Cell proliferation assay
A colorimetric nonradioactive assay was used for the quantification of cell proliferation and viability, based on the cleavage of tetrazolium salt 4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate by mitochondrial dehydrogenases (Roche Molecular Biochemicals, Mannheim, Germany). After incubation of cultured UMVEC in 96-well microtiter plates together with different hCG concentrations (5-50,000 mU/ml), db cAMP (0.1-1 mol/liter), phorbol ester (1-10 mol/liter), VEGF (10 -100 ng/ml), or bFGF (10 -30 ng/ml), respectively, 10 l/well cell proliferation reagent 4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate were added to each well and incubated for 2 h. Absorbance was measured using a microtiter plate reader at wavelengths of 450 and 650 nm and was compared with a standard curve (18) .
RT-PCR for hCG/LH receptor
RNA from UMVEC was extracted using the guanidine thiocyanate/ cesium chloride method (19) . One microgram of total RNA was reverse transcribed at 43 C for 1 h using SuperScript II reverse transcriptase. hCG/LH receptor DNA was amplified using 2 l of the RT solution, 2 l each of 3Ј (GGAATTCGGGGCAACATAGCAATTAGAGAAG) and 5Ј (CGCGGATCCACCCC GATGTGCTCCTGAACC) primers corresponding to the published sequence of the hCG/LH receptor cDNA (1028 -1512 bp) (20) , and 2 l deoxy-NTP mixture, 5 l 10ϫ PCR buffer, 2.5 l MgCl 2 , and 0.5 l Taq DNA polymerase (total reaction volume, 50 l; all chemicals purchased from Life Technologies, Inc.). PCR was performed for 35 cycles at 94 C for 3 min (denaturation), at 61 C for 30 sec (annealing), and at 72 C for 1 min (extension) using a GeneAmp PCR System (Perkin-Elmer, Palo Alto, CA). Analysis of the 484-bp product was performed by electrophoresis in 2% agarose gel. Human placental total RNA served as a positive control. We used water as a negative control for the RT-PCR.
Immunocytochemistry
Immunocytochemistry was performed by the avidin immunoperoxidase method using a 1:500 dilution of polyclonal LH/hCG receptor antibody raised against a synthetic N-terminal amino acid sequence 15-38 (10, 21) . For the control, receptor antibody was preabsorbed with excess receptor peptide, or unabsorbed receptor antibody was replaced with nonspecific IgG. The controls showed no immunostaining.
Statistical analysis
All values are shown as the mean Ϯ sem. Statistical significance (P Ͻ 0.05) was determined by ANOVA, followed by assessment of differences using Dunnett's two-sided test or Tukey's test (Department of Medical Statistics and Biomathematics, Justus Liebig University, Giessen, Germany).
Results
Angiogenic response of UMVEC to hCG
A three-dimensional in vitro angiogenesis system with MC-coated UMVEC was used to study the role of hCG in capillary sprout formation. Incubation of UMVEC with physiological concentrations of hCG (5-50,000 mU/ml) resulted in a biphasic concentration-dependent mode of capillary formation. Although low concentrations of hCG (5-50 mU/ml) mediated a reproducible, but nonsignificant (P Ͼ 0.05), decrease in the number of capillaries, the addition of higher hCG concentrations (500 -50,000 mU/ml) caused a significant (up to 2.5-fold; P Ͻ 0.01) increase in the number of induced sprouts compared with nontreated cells (Figs. 1 and  2 ). When denatured hCG was added to the system no increase in the number of capillary-like structures was seen (not shown), whereas anti-hCG antibody, pertussis toxin (0.1-10 ng/ml), or GRGDTP peptide abolished hCG-induced capillary formation (Fig. 3) . The increase in the number of capillary-like structures after treatment with 50,000 mU/ml hCG was comparable to the response to 10 ng/ml bFGF or 10 ng/ml VEGF, respectively (Fig. 2) . Treatment of UMVEC with 10 nmol/liter of the PKC activator phorbol ester, but not with db cAMP (1-10 mmol/liter; PKA inducer), mimicked the effects of hCG on capillary formation, whereas addition of the PKC inhibitory, but not the PKA inhibitory, peptide abolished hCG-induced sprout formation (Fig. 3) .
In vivo induction of angiogenesis by hCG
The angiogenic activity of hCG in vivo was investigated using a modified assay in which the substance to be analyzed was placed into the inner volume of a silicone ring on the top of the CAM. Different concentrations of hCG as well as VEGF promoted a higher number and branching of new vessels within the ring fields compared with buffer alone (Fig. 4) . There was a significant (P Ͻ 0.05) increase in the VI after incubation with hCG (VI ϭ 0.67; sd ϭ 0.018) or VEGF (VI ϭ 0.71; sd ϭ 0.017) compared with controls (VI ϭ 0.48; sd ϭ 0.05).
hCG and migration of UMVEC
To study the mechanism by which hCG caused capillary sprout formation, migration of UMVEC in response to hCG was analyzed in a modified Boyden chamber assay. As shown in Fig. 5 , physiological concentrations of hCG significantly increased UMVEC migration (up to 3.6-fold) in vitro.
In comparison, VEGF increased the migration of UMVEC by 6-fold during the same incubation period.
hCG and proliferation of UMVEC
As the proliferation of endothelial cells is an important event in neovascularization, the proliferative response of UMVEC to hCG was tested. Even at very high doses (50,000 mU/ml) hCG had no effect on the proliferation of these endothelial cells, whereas UMVEC responded to VEGF and bFGF with increased cell proliferation (up to 125% and 140% compared with the control).
Contribution of hCG to tumor-induced angiogenesis
To evaluate the possibility that the paracrine action of hCG-secreting tumor cells contributes to capillary sprout formation in the in vitro angiogenesis model, choriocarcinoma cells (JEG-3) or ovarian (Ovcar) or endometrium carcinoma explants were cocultured on top of the MC-containing fibrin gel. There was a significant increase in the number of capillary sprouts induced by these tumor cells (Fig. 6 ): The strongest induction was seen in response to coculture with ovarian carcinoma cells (up to 3.4-fold increase), followed by choriocarcinoma (up to 1.8-fold increase) and endometrium carcinoma cells (up to 1.5-fold increase). This strong angiogenic response was inhibited by hCG-neutralizing antibody in endometrium carcinoma explants and the JEG-3 cell line, but not by a control antibody (anti-CD45 polyclonal antibody). Also, tumor-conditioned medium induced capillary formation in vitro (data not shown).
Discussion
Due to a high demand for increased blood supply during pregnancy, the vasculature of the uterus and the surrounding tissue undergoes three main adaptive changes: vasodilation, increased permeability, and development and maturation of new vessels (2, 3, 22, 23) . Based on the comparison of nulliparae and nonpregnant multiparae as well as multiparae in the first month of pregnancy, a permanent angiogenic change in the uterine vasculature during pregnancy was proposed (22) (23) (24) that appeared to be related to a specific factor of trophoblast origin (25) . To identify respective angiogenic factors within the feto-maternal interface, we focused in the present study on hCG, a major trophoblastic peptide hormone that is responsible for numerous pregnancy-related and pregnancy-maintaining processes and that exhibits a dramatically increasing plasma concentration during the first trimester (ranging from 1,000 mU/ml at 5 wk gestation to 150,000 mU/ml at 12 wk gestation) (23, 26, 27) . Previous studies from our laboratories, using in situ hybridization and immunocytochemistry techniques, revealed that hCG/LH receptors are present in endothelium and smooth muscle of uterine blood vessels in vivo and that their expression level is significantly increased in the intramyometrial segment (9, 10) . In addition, the fact that hCG/LH receptors are up-regulated by progesterone in the second phase of the menstrual cycle strongly indicated a role for the hCG-hCG/LH receptor complex in uterine adaptation during implantation and placentation (21) .
Here we demonstrated for the first time that hCG has a direct angiogenic function on hCG/LH receptor-expressing uterine endothelial cells that responded with increased capillary formation in vitro and on neovascularization in the 6 . Induction of in vitro sprout formation by tumor cell-derived hCG. MCs coated with UMVEC were cocultured with different carcinoma cells as indicated, and capillary sprout formation was analyzed; 50,000 mU/ml hCG or VEGF (10 ng/ml) were used as a positive control. The angiogenesis assay was performed in the absence or presence of polyclonal antibodies against hCG or a control irrelevant antibody against CD45 as indicated. Results are presented as a percentage of the control value (nontreated cells) Ϯ SEM and represent the mean of four different experiments. *, P Ͻ 0.01; ns, not significant. CAM assay. These findings not only support the hypothesis that hCG may have an important regulatory role in angiogenesis and vascular function in the female reproductive tract, but also indicate that hCG could be involved in the placental vasculogenesis and angiogenesis in early stages of placental development, as high hCG concentrations were detected in fetal tissue of early pregnancy (28) . In particular, capillary sprouts from authentic uterine microvascular endothelial cells were obtained upon induction by physiological doses of hCG, and bovine retinal endothelial cells responded equally well to hCG stimulation with increased capillary formation, whereas macrovascular endothelial cells derived from human umbilical vein expressing the hCG/LH receptor hardly reacted (Zygmunt, M., F. Herr, S. KellerSchoenwetter, and K. T. Preissner, manuscript in preparation). These observations are indicative of important features that determine the spatio-temporal control of hCG-induced angiogenesis. 1) Despite the presence of hCG/LH receptor on different types of endothelial cells, microvascular cells of uterine origin appear to be a prominent target. 2) Besides the lack of expression of the hCG/LH receptor in, for instance, parametrial vessels, omentum, carotis, or aorta (9, 10) , the failure of hCG to induce a response in receptor-positive cells such as HUVEC may be related to a selective down-regulation of the hCG/LH receptor by hCG, as shown for several other tissues outside the reproductive tract (29) . 3) hCG/LH receptor expression might be also regulated by different cell adhesion molecules (e.g. cadherins), as was shown in corpus luteum (30) , and thus depends on the adhesive contacts of the particular cells.
The responsiveness of uterine endothelial cells in vitro to hCG was confirmed in vivo, as hCG induced neovascularization in the CAM assay to a similar extent, comparable to VEGF or bFGF, and anti-hCG antibody significantly prevented angiogenesis. The absence of an additive effect of hCG together with VEGF or bFGF, respectively, indicated that these growth factors may operate through different, but converging, signaling pathways. In particular, based on the interaction of hCG with its G protein-coupled receptor (31), inhibitors of trimeric G protein complexes as well as a PKC inhibitory peptide abolished hCG-induced angiogenesis. These observations are in accordance with previously described activities of this signaling pathway with respect to rearrangement of the actin cytoskeleton (32) or the formation of focal adhesion assembly as part of the cellular adhesion machinery (33) .
As expected from previous studies in our laboratory (7), integrin antagonists such as a cyclic GRGDTP peptide blocked hCG-induced sprout formation. These data are supported by the findings that phorbol ester, as a direct PKC activator, but not db cAMP or forskolin (PKA activator), mimicked the action of hCG in the in vitro angiogenesis model. The fact that only higher hCG concentrations increased sprouting of the UMVEC also supports the proposed PKC-dependent pathway, because activation of PKC requires 100-fold higher ligand concentrations than activation of the adenylate cyclase/PKA pathway (31) . Other investigators recently demonstrated that PKC plays an important role in neovascularization and survival of in vitro angiogenesis in different systems (34 -36) and that PKC inhibitors decrease the angiogenic response in endothelial cells (37) .
Although hCG was unable to directly induce the proliferation of UMVEC in vitro, the migration of these cells was significantly elevated by hCG, indicating a major contribution of the angiogenic factor to cellular motility. These data strongly argue in favor of an important influence of hCG in mediating the induction of uterine angiogenesis during the first trimester in pregnancy, where levels of hCG are reached that were found to be effective in this study. Besides this direct angiogenic activity, hCG can induce the expression of other angiogenic factors, such as VEGF, in macrophages, thereby indirectly contributing to neovascularization as well (Zygmunt, M., et al., unpublished observations). There is also evidence that hCG has strong vasodilatory actions on uterine arteries in pregnant and nonpregnant rats (38) as well as on the human ovarian vasculature (39) , that hCG administration to induce ovulation resulted in an increase in uterine blood flow (10) , and that hCG leads to an increase in vascular permeability, as seen in cases of ovarian hyperstimulation in the course of assisted reproduction (40) . Together, these activities of hCG may very well add to its overall heredescribed function as a potent angiogenic stimulus in the feto-maternal unit.
Based on the fact that hCG is secreted by a broad spectrum of genital and nongenital solid tumors (e.g. testicular, ovarian, and endometrial cancer, and gastric and pancreatic carcinoma) (41, 42) , tumor cell-derived hCG was found to be similar, if not identical, in its activity to promote in vitro sprouting angiogenesis, and anti-hCG antibodies inhibited this function to an appreciable degree. Although hCG concentrations in tumor-conditioned medium were lower than those of exogenously added hCG, additional angio-regulatory factors may be responsible for the differences in the angiogenic response between isolated and tumor cellderived hCG. Due to the striking similarities in the molecular mechanism of physiological angiogenesis as related to blastocyst implantation/placental development and tumorassociated angiogenesis, further studies need to define the involved molecules and to differentiate signaling pathways. In particular, recent studies have shown that hCG may be involved in tumor development via suppression of apoptosis, because Fas, Fas ligand, Bax, and p53 were found to be down-regulated in response to hCG (43, 44) . The angiogenic function of hCG could very well be associated with a suppression of apoptosis in endothelial cells. Indeed, clinical studies showed a strong correlation between high expression levels of hCG and microvessel density in distinct cancers as well as a stimulatory action of hCG on the invasiveness of several cell lines (8, 45) , indicating that the described angiogenic effect may also facilitate dissemination of hCGexpressing tumor cells (46) . As anti-hCG antibodies inhibited the angiogenic activity of hCG-secreting tumor cells as shown here, and injection of anti-hCG antibodies induced tumor necrosis in nude mice (47), our current results not only underline the specificity of this novel function of hCG, but hCG antagonists could serve as a potential approach for angiostatic therapy.
